Purpose: Previous studies have independently provided evidence for the effects of HIV infection, hypothalamic-pituitary-adrenal (HPA) axis dysfunction and early life trauma on neurocognitive impairment (NCI). This study examined the interaction between single-nucleotide polymorphisms (SNPs) of two HPA axis genes, corticotrophin-releasing hormone receptor 1 (CRHR1; rs110402, rs242924, rs7209436, and rs4792888) and corticotrophin-releasing hormone-binding protein (CRHBP; rs32897, rs10062367, and rs1053989), childhood trauma, and HIV-associated NCI.
Introduction
In South Africa, the number of people living with HIV is estimated to be about 7.06 million (which is 12.6% of the total population) and includes more than one-fifth of all women aged 15-49 years. 1 South African women are disproportionately affected by HIV, and many also have trajectories characterized by trauma over the life course. the development of various psychopathologies, including major depressive disorder (MDD) and posttraumatic stress disorder. 5, 6 The effects of early life trauma may exacerbate the neurocognitive deficits caused by HIV infection.
HIV infection is associated with neurological and neurocognitive complications, collectively referred to as HIV-associated neurocognitive disorders (HAND). HAND describes a spectrum of disorders ranging from asymptomatic neurocognitive impairment (ANI), an intermediate form termed mild neurocognitive disorder (MND), to a severe form which constitutes HIV-associated dementia (HAD). 7 The precise pathophysiology of neurocognitive impairment (NCI) in HIV-positive patients is not entirely clear, although it appears that only certain subsets of neurons and subpopulations of patients appear to be affected by HIV-induced central nervous system (CNS) injury, and both host and viral factors are important. 8 The development of HAND negatively impacts social and occupational functioning, quality of life, and medication adherence. 9, 10 However, since the introduction of highly active antiretroviral therapy (HAART), the pattern of HAND appears to have radically changed. In particular, there has been a significant reduction in HAD with an increased prevalence of ANI and MND. 7 Although less devastating than HAD, milder forms of HAND adversely impact important outcomes, including medication adherence and performance of cognitively demanding activities of daily living. 11, 12 It is still unclear why NCI persists in the post combined antiretroviral therapy (cART) era. Possible reasons include cardiovascular disease risk factors, 13 immune system activation and inflammation, [14] [15] [16] genetic factors, 8, 17 antiretroviral therapy neurotoxicity, 18 substance abuse, 19 advancing age, 20 HIV reservoirs within the CNS, 21 and chronic dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis. 22 The HPA axis is the primary regulator of environmental stress in humans. Stress triggers the release of corticotrophinreleasing hormone (CRH) which activates the HPA axis by binding to the corticotrophin-releasing hormone receptor 1 (CRHR1) in the anterior pituitary. The resultant neuroendocrine cascade culminates in the production of cortisol, which mediates the restoration of homeostasis. 23 Aberrant HPA axis regulation has been associated with hippocampal atrophy, cognitive deficits, and a number of psychiatric disorders. [24] [25] [26] HPA axis dysregulation occurs during the course of HIV infection due to a chronic increase in basal endogenous cortisol levels. 22, [27] [28] [29] Other possible mechanisms by which HIV may cause HPA axis dysfunction include chronic stress, 30, 31 direct CNS invasion and damage, secondary effects of cytokines, and side effects of antiretroviral therapy. 32, 33 Chronic dysregulation of the HPA axis has also been noted in several stress-related psychiatric disorders, especially in individuals traumatized in childhood. [34] [35] [36] [37] Therefore, early life trauma might, via its effect on the HPA axis, exacerbate NCI in HIV-positive patients. However, as genetic factors also play a significant role in the development of psychopathology following trauma exposure, 38 examining genetic influences on this susceptibility may aid in identifying individuals most vulnerable to HAND and facilitate more targeted therapeutic and preventive interventions.
Genetic polymorphisms that could affect the function of genes known to regulate the HPA axis are considered likely determinants of the link between stress responsivity and risk for psychopathology. 39 One way in which the HPA axis is regulated is by the CRH-binding protein (CRHBP), which binds CRH with high affinity making it unavailable for binding with the CRH type 1 receptor (CRHR1).
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CRHR1 and CRHBP gene variants have been associated with a number of clinical phenotypes, including MDD 41 and behavioral inhibition. 42 Bradley et al also showed that two CRHR1 single-nucleotide polymorphisms (SNPs; rs110402 and rs7209436) interacted with childhood maltreatment to predict depressive symptoms in adulthood. 43 In each case, maltreatment was associated with increased depression in carriers of a common allele (G for rs110402 and C for rs7209436), while carriers of the rare allele (A for rs110402 and T for rs7209436) showed no increase in depressive symptoms compared to controls. Similarly, variations in three CRHBP SNPs (rs6453267, rs7728378, and rs10474485) may predispose to suicidal behavior in individuals who have experienced childhood trauma. 44 Polymorphisms of genes in the CRH system have been associated with glucocorticoid resistance and reduced negative feedback of the HPA axis, 45 as well as cortisol reactivity. 46 In summary, genetic factors, childhood trauma, and HPA axis dysfunction might all be pathognomonic mechanisms and potentially interact in the development of psychopathology in individuals with HIV. To the best of our knowledge, no previous study has investigated the combination of these factors as possible determinants in the development of HAND. Spies et al previously reported on the independent and additive effects of HIV and early trauma in South African women. 47 Therefore, using data from this same cohort, the aim of the current study was to assess the relationship between polymorphic variants in CRHR1 and CRHBP, childhood trauma, and the 
Patients and methods study design
This study involved analysis of data from participants recruited as part of the Biological Endophenotypes of HIV and Childhood Trauma (BEHCT) study conducted at Stellenbosch University, Cape Town. The aim of the BEHCT study was to assess the genetic, cognitive, and neuroimaging outcomes in HIV-positive women. This study utilizes an adult female cohort (18-65 years), recruited between 2008 and 2013, with samples genotyped in 2017. The study design, data collection methods, and the inclusion/exclusion criteria for the BEHCT study have been described previously. 27 The main procedures applicable to the current study are briefly outlined below.
study sample
Out of 140 eligible women, 12 (9%) were excluded from this study as genotyping data for these participants were not available. Therefore, a total of 128 HIV-positive, Black African Xhosa women who had full genetic and neurocognitive data were included in the present study. This particular demographic was chosen to reduce genetic heterogeneity. Eligibility criteria included willingness and ability to provide written informed consent, ability to read and write in either English or isiXhosa at fifth-grade level, aged between 18 and 65 years, and medically well enough to undergo neuropsychological testing. Exclusion criteria comprised a current or past history of schizophrenia, bipolar disorder, or other psychotic disorders; current substance or alcohol abuse or dependence; significant previous head injury; demonstrated frank dementia on the HIV dementia scale; current seizure disorders of any cause; history of CNS infections or neoplasms; hepatitis B-positive status; and current use within the last month of any psychotropic medication.
Demographic, clinical, and psychological characteristics
Age, gender, marital status, ethnicity, years of education, and employment status were captured by questionnaires, while virologic markers of HIV infection (CD4 lymphocyte counts) were obtained from blood samples. Current and lifetime psychiatric disorders were evaluated using the MINI International Neuropsychiatric Interview-Plus (MINI-Plus). 48 Depressive and trauma symptomatology were assessed using the Center for Epidemiologic Studies Depression Scale (CES-D) and the Davidson Trauma Scale, respectively. 49, 50 childhood trauma and neurocognitive assessment
Histories of abuse and neglect were assessed using the Childhood Trauma Questionnaire-Short Form (CTQ-SF), a 28-item self-report inventory that provides valid screening for histories of abuse and neglect. 51 The tool assesses five types of maltreatment including emotional, physical, and sexual abuse and emotional and physical neglect. Each of these five subscales consists of five items, each of which is scored from 5 to 25. Therefore, the total score ranges from 25 to 125 and higher scores reflect higher levels of childhood trauma. In particular, 25-31 = no trauma, 41-51 = low-to moderate, 56-68 = moderate-to-severe, and 73-125 = severeto-extreme. Similar to Spies et al, 47 we used a score $41 to identify trauma-exposed individuals, as this represents the lowest level score indicative of abuse or neglect (ie, low to moderate) for each subscale.
NCI was assessed using a battery of 17 tests that are sensitive to the effects of HIV infection. This battery was originally developed by the HIV Neurobehavioral Research Center at the University of California, San Diego, and has been culturally adapted for the South African context, as described by Spies et al. 52 Childhood trauma and neurocognitive assessments were performed by trained researchers and were conducted in either English or isiXhosa.
genotyping DNA was extracted from whole blood using phenolchloroform extraction. Genotyping was conducted by LGC Genomics (United Kingdom). Validated SNPs with a minor allele frequency of .0.2 in at least one African population genotyped for the Hapmap project (www.hapmap.org), and which have been previously associated with some aspects of neuro-psychopathology, were selected for investigation. 43, 44, 53 We genotyped four CRHR1 SNPs (CRHR1; rs110402 (C to T) 
Data analysis
Demographic and clinical characteristics of study participants were summarized as counts and percentages for dichotomous traits, and means and SD or medians and 25th-75th percentiles (interquartile range) for quantitative traits.
Age-and education-corrected z-scores were calculated from all raw neuropsychological data and grouped into domains (motor function, verbal fluency, attention/working memory, speed, learning, recall, and executive functions). This was done by running a regression analysis on all raw neuropsychological data using test scores as the outcome and age and education as predictors. The residual was then saved, and a studentized residual was calculated. Within each domain, the studentized residual for each test was summed to obtain a domain z-score. Global NCI scores represent the mean of individual cognitive domain scores.
The Shapiro-Wilk W test was used to test for normality. Differences in normally distributed demographic and clinical variables (age, global NCI scores, NCI domain scores for verbal fluency, attention/working memory, speed, learning, recall, and executive functions) according to trauma status were determined using Student's t-test, while differences in non-parametric variables (CTQ scores, CES-D scores, viral load, CD4 counts, and NCI domain scores for motor function) were determined using Welch's unequal variances t-test. Pearson's chi-squared test was used to assess the relationship between categorical variables.
The contribution of each SNP to global NCI scores was evaluated using generalized linear regression models. When the results were significant, additional generalized linear regression models were used to evaluate the contribution of the SNP to individual cognitive domain scores. Generalized linear models, assuming additive models for the SNPs, were also used to evaluate if there was any association between genotype and CTQ scores, as well as to investigate the relationships between genotype, childhood trauma, and cognitive scores. Finally, analysis of variance (ANOVA) was used to determine whether including the interaction between genotype × childhood trauma explained more of the variance in cognitive domain scores than these two predictors acting individually. Antiretroviral (ARV) treatment and CES-D scores were included as covariates in the regression models.
Analyses were carried out using R statistical software version 3.2.2 (The R Foundation for Statistical Computing, Vienna, Austria) with the R package SNPassoc. 55 Statistical significance was set at P,0.05.
ethical considerations
The study was approved by the Health Research Ethics Committee (HREC # N07/07/153A) of Stellenbosch University (Cape Town, South Africa). All participants gave written informed consent for participation according to locally and internationally accepted ethical guidelines. Participation in the present study was entirely voluntary and participants were informed of their right to withdraw their participation at any point in the study. Women who required further care were referred to their local community health care facility. Participants were reimbursed for their transport costs to attend study visits. Table 1 shows demographic and clinical variables for the overall sample and by trauma status. Of the 128 participants, 88 (69%) had a history of childhood trauma. Those participants with childhood trauma had higher self-reported depression on the CES-D. This converged with interviewer-based assessment of psychopathology using the MINI-Plus, with a significantly greater proportion in the childhood trauma-exposed group meeting diagnostic criteria for recurrent MDD.
Results
Less than half the sample (41.4%) were on ARVs. ARV status had no significant impact on cognitive domain scores, except for the recall domain (Table 2 ).
Regression analysis revealed that individuals carrying at least one CRHBP rs10062367 G allele had significantly higher global NCI z-scores compared to subjects homozygous for the A allele (Table 3) . On further analysis, this polymorphism was not significantly associated with z-scores on specific cognitive domains.
There were no significant differences in childhood trauma CTQ-SF scores across genotypes. In addition, childhood trauma status was not significantly associated with global NCI (P=0.441) or specific domain scores (motor function: P=0.089, verbal fluency: P=0.894, attention/working memory: P=0.458, processing speed: P=0.430, learning: P=0.785, recall: P=0.238, executive function: P=0.996). However, cognitive domain z-scores were influenced by the interaction between childhood trauma and polymorphisms in CRHR1. In particular, the presence of at least one T allele in CRHR1 rs110402 interacted with childhood trauma to worsen learning and recall. In contrast, the presence of at least one C allele in CRHR1 rs7209436 interacted with childhood trauma to improve learning and recall. Finally, the presence of at least one A allele in rs4792888 interacted with childhood trauma to worsen recall (Table 4) .
Discussion
We evaluated the interaction between childhood trauma, variants of two HPA-axis genes, CRHBP and CRHR1, and NCI in a sample of Black African Xhosa women living with HIV. Of the seven polymorphisms assessed, only the rs10062367 variant of CRHBP was significantly associated with NCI, independent of childhood trauma. Compared to carriers of the rs10062367 G allele, A homozygotes had significantly lower global NCI scores. However, this polymorphism was not significantly associated with z-scores on specific cognitive domains. Host genetic factors have been found to predispose HIV-infected individuals to NCI. 56, 57 To the best of our knowledge, CRHBP rs10062367 has not been previously studied in the context of HAND. Therefore, our findings, while requiring further independent replication in a larger sample, may be the first to suggest a possible link between rs10062367 and NCI in HIV-infected individuals.
The lack of an association between NCI and other variants of CRHBP suggest an independent effect of rs10062367 on global neurocognitive deficits, or the effect of another polymorphism in LD with rs10062367. Other plausible reasons for the lack of a significant association between other SNPs and NCI may be the limited number of CRHBP polymorphisms that we assessed and the relatively small sample of HIV-infected participants.
In the current study, the interaction of childhood trauma and CRHR1 variants was associated with poorer learning (rs110402) and/or recall (rs110402 and rs4792888). Earlylife trauma has been associated with impaired neurocognitive functioning, 6, 47 and previous studies have demonstrated an association between childhood trauma and polymorphisms in CRHR1 and CRHBP in non-HIV samples. 43, 44 A possible limitation of this study was that childhood trauma was assessed retrospectively and is, as such, prone to recall bias. Moreover, there are potential confounding variables which we did not control for, namely, 1) the possible trauma of contracting HIV and/or an effect of HIV infection overriding any effect(s) of childhood trauma, 2) any effect(s) of adult-onset trauma, 3) viral load and ARV regimen differences between the groups (there were, however, no significant differences in CD4 count between trauma exposed and unexposed groups), and 4) the higher level of self-reported depression in the childhood trauma group. Another limitation is that our sample included only Black African women living with HIV and we, therefore, cannot generalize our findings to HIV-uninfected individuals, other races or ethnic groups, or to HIV-infected males. Finally, this was a relatively small sample, and larger sample replication studies would be helpful to validate these findings. Future studies should ideally include data from HIVnegative controls (unexposed to either child or adult trauma) and consist of larger sample sizes. There is also a need to investigate the functional effects these particular CRH1 and CRHBP SNPs. Moreover, to further interrogate the CRHBP rs10062367 genotype and stress response abnormalities, future studies could investigate HPA-axis neuroendocrine endophenotypes of NCI (eg, cortisol). Future studies should also take duration 63 and type 53 of trauma into account as these trauma variables can impact NCI.
Conclusion
The study shows that HPA-axis genes are possible risk variants for NCI among HIV-infected women and may interact with childhood trauma to impact specific domains of cognitive function. The combination of these vulnerabilities might be early markers of NCI in HIV-infected individuals and might represent potential targets for therapeutic action. However, replication studies involving whole gene-based association analyses of SNPs in CRHBP, as well as a more detailed analysis of childhood trauma, are needed.
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